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APPARATUS FOR RADIALLY EXPANDING TUBULAR MEMBERS INCLUDING A SEGMENTED 

EXPANSION CONE 

Background 

5 This application claims the benefit of the earlier filed provisional application Serial No. 60/313,453, 

filed August 20, 2001, attorney docket no. 2579 L59, the disclosure of which is incorporated by reference. 

This application is related to the following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket 
no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 

1 0 25791 .8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440^38, attorney docket no. 
25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, attorney docket no. 
25791. 11.02, filed on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791,12,02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, attorney docket no, 
25791 .16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 

1 5 2579! .17.02. filed on 6/7/2000, (9) U.S. patent ^plication serial no. 09/559,122, attorney docket no, 

25791 .23.02, filed on 4/26/2000, (10) PCT patent application serial na PCT/USOO/18635, attorney docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attorney docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney docket 

20 no. 25791 .34, filed on 1 0/12/1999. (14) U.S. provisional patent application serial no. 60/159,039. attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application sorial no. 60/159,033, 
attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. provisional patent application serial 

25 no. 60/221,443, attorney docket no. 25791.45, filed on 7/28/2000, (1?) U.S. provisional patent application serial 
no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638, attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S. provisional patent application serial 
no. 60/237,334, attorney docket no. 25791,48, filed on 10/2/2000, (22) U.S. provisional patent application serial 
no. 60/270,007, attorney docket no, 25791 .50, filed on 2/20/2001; (23) U.S. provisk>nal patent application serial 

30 no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001; (24) U.S, provisional patent application serial 
no. 60/259,486, attorney docket no. 25791.52, filed on 1/3/2001; and (25) U.S. provisional patent application 
serial no. 60/303,740, attorney docket no. 25791 .61, filed on 7/6/2001, the disclosures of which are incorporated 
herein by reference. 

Background of the Invention 
35 Hiis invention relates generally to wellbore casings, and in particular to wellbore casings that are 

formed using expandable tubing. 

Brief Descr^tion of the Drawings 
Figs, la-lh are firagmentaiy cross-sectional ilhistrations of an embodiment of the placem^ of an 
apparatus for radially expanding a tubular member withm a borehole within a subterranean formation. 
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Fig. 2 is a fragmentary cross-sectional iliustraUon of the injection of a hardenable fluidic sealing 
material into the apparatus of Figs, la-lh. 

Fig. 3 is a fragmentary cross-sectional illustration of the apparatus of Fig. 2 after injecting a fluidic 
mat^ial into the apparatus and seating a dart in the tubular dart seat 

Fig. 4 is a fragmentary cross-sectional illustration of the apparatus of Fig. 3 after continuing to mject a 
fluidic material into the apparatus thereby axially displacing the tension sleeve and thereby creating a segmented 
expansion cone for plastically deforming and radially expanding the expandable tubular member using the 
e^ansion segments. 

Fig. 5 is a fragmentary cross-sectional illustration of the apparatus of Fig. 4 after continuing to inject a 
fluidic material into the apparatus thereby di^lacing the tubular loddng sleeve from engagement with the 
locking member of the tubular loclcing collet 

Fig. 6 is a fragmentary cross-sectional illustration of the apparatus of Fig. 5 after continuing to inject a 
fluidic material into the apparatus thereby displacing the tubular support members, the tubular locking collet, the 
tubular locking sleeve, and the tubular tension sleeve upwardly in the axial direction thereby further plastically 
deforming and radially expanding the expandable tubular member. 

Fig. 7 is a fragmentary cross-sectional illustration of the ^paratus of Fig. 6 after continuing to inject a 
fluidic material into the apparatus thereby continuing to displace the tubular support members, the tubular 
locking collet, the tubular locking sleeve, and the tubular tension sleeve upwardly in the axial direction thereby 
further plastically deforming and radially expanding the expandable tubular member. 

Detailed Description of die Illustrative Embodunents 
, Referring im'tially to Figs, la-lb, an embodiment of an apparatus and method for radially expanding a 
tubular member will now be described. As illustrated in Figs, la-lh, a wellbore 10 is positioned in a 
subterranean formation 15. 

An apparatus 100 for radially expanding a tubular member may then be positioned within the wellbore 

10 that includes a tubular support member 105 that defines a passage 105a. An end of the tubular support 
member 1 05 is coupled to an end of a tubular support member 1 10 that defines a passage 1 10a, a plurality of 
spaced q)art radial passages 1 10b, 1 10c, and llOd, and includes a plurality of spaced apart internal flanges 

1 lOe, 1 lOf, 1 lOg, and lOOh that are interleaved among the radial passages. The spaced apart radial passages 

1 1 Ob, 1 10c, and 1 lOd may each include a plurality of radial passages distributed around the tubular support 
member 1 10 in the circumferential direction. Another end of the tubular support member 1 1 0 is coupled to an 
end of a tubular support member 115 that defines a passage 1 15a and includes a centrally positioned recessed 
portion 1 15b. 

An end of a tubular support member 120 is coupled to another end of the tubular support member 1 15 
that defines a passage 120a and a plurality of longitudinal slots 120ba, 120bb, 120bc, I20bd, 120be, and 120bf, 
and includes a plurality ofintemal arcuate expansion cone segments I20ca, 120cb, 120cc, 120cd, 120ce,and 
120cf. The expansion cone segments, 120ca, 120cb, 120cc, 120cd. 120ce, and 120cf extend inwardly from the 
tubular support member 120 in the radial direction and include: (a) arcuate cylindrical segment end feces, 
120caa, 210cba, 120cca, 120cda, 120cea, and 120c&, that are substantiaUy parallel to the longitudinal axis of 
the tubular support member, (b) upper mclined trapezoidal feces, 120cab, 120cbb, 120ccb, 120cdb, 120ceb, and 
I20cfb, that extend upwardly from the upper ends of the correspondmg end feces to die tubular support member. 
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(c) lower inclined trapezoidal faces, 120cac, 120cbc, !20ccc, I20cdc, I20cec, and I20cfc, that extend 
downwardly from the lower ends of the corresponding end feces to the tubular support member, (d) side 
trapezoidal faces, nOcad, 120cbd, 120ccd, 120cdd, 120c6d, and 120cfd, that extend from the sides of the 
corresponding end faces to tiie tubular support member, and (3) side trapezoidal faces, 120cae, 120cbe, 120cce, 
5 120cde, 120cee, and 120cfe, that extend from the other sides of the corresponding end faces to the tubular 

support member. In an exemplary embodiment, the angle between the upper inclined trapezoidal feces, 120cab, 
120cbb, 120ccb, 120cdb, I20ccb, and I20cft), and the longitudinal direction is greater than the angle between 
the lower inclined trapezoidal feces, 120cac, 120cbc, I20ccc, 120cdc, 120cec, and 120cfc, and the longimdina] 
direction, respectively, in order to optimally provide radial expansion of the expansion cone segments. In an 

10 exemplary embodiment, the side feces, 120cae and 120cbd, 120cbe and 120ccd, 120cce and 120cdd, 120cde and 
120ced, I20cee and 120cfd, and 120cfe and I20cad are substantially parallel in order to optimally provide a 
substantially continuous outer surfece after the radial expansion of the expansion cone segments 120ca, 120cb, 
120cc, I20cd, I20ce, and 120cf. 

An end of a tubular locking collet 125 is coupled to the oth^ end of the other end of the tubular siq)port 

1 5 member ]20 that defines a passage 125a and includes a plurality of resilient locking collet membera 125b. A 
tubular retaining member 130 ttsat defines a passage 130a includes an internal recessed portion 130b at an end 
that is adapted to mate with and receive at least a portion of the locking collet members 125b of the tubular 
locking collet 125. Another end of die tubular retaining member 130 is coupled to an end of a shoe 135 that 
defines a passage 135a and an internal recess 135b and includes a conventional float valve 135c at an opposite 

20 end that permits fluids to be exhausted from the passage 135a outside of the apparatus 100 but prevents the flow 
of fluids into the passage and inside tfie apparatus. 

A tubular dart seat 140 that defines a passage 140a and includes a rw:essed portion 140b is received 
within the passage 135a of the shoe 135 and is releasably coupled to the shoe by shear pins 145a and 145b. A 
tubular locking sleeve 150 that defines a passage 150a includes a locking member 150b that is received within 

25 and mates with die recesses, 135b and 140b, of the shoe 135 and dart seat 140, respectively, a conical locking 
flange 150c that locks tiie locking collet members 125b of the tubular locking collet 125 within &e recessed 
portion 130b of the tubular retaming member 130, and an external flange 150d. 

A tubular tension sleeve 155 is received within the tubular support members 1 10, 1 15, and 120, and the 
tubular locking collet 125 that defines a longitudinal passage 155a and longitudinally spaced radial passages 

30 155b, 155c, and 155d includes a recessed portion 155e for movably receiving an end of the tubular locking 
sleeve 150. an internal flange 155f fw engaging the external flange 150d of the tubular locking sleeve, an 
external flange 155g having a recessed portion 155ga, and Iwigitudinally spaced apart external flanges 1 55h, 
155i, and 155j. In an exemplary embodiment, each of die radial passages 155b, 155c, and 155d include a 
plurality of circumferentially spaced apart radial passages. In an exemplary embodiment, the external flanges 

35 155h, 155i, and 155j are interleaved widi the radial passages 155b, 155c, and 155d. In an exemplary 

embodiment, the external flanges 155h, 155i, and 155j are also interleaved witfi the internal flanges, I lOe. 1 lOf, 
1 lOg, and 1 lOh of the tubular support member 1 10. In this manner, the mtemal flanges I lOe, 1 10^ 1 lOg, and 
llOhofthe tubular support member 110 and the external flanges 155h, 155i,and 155j of the tubular tension 
sleeve 155 define annular chambers 160a, 160b, 160c, 160d, 160c, and 160f: 
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A tubular internal expansion cone 165 is received within and coupled to the recessed portion 1 55ga of 
the external flange 155g of the tubular tension sleeve 155. Cup seals 170a and 170b are coupled to the exterior 
of the recessed portion USb of the tubular sappoxi member 1 15. An end of an expandable tubular member 175 
is coupled to the shoe 135 for receiving the tubular support members 105,. 1 10, 1 15, 120, and tiie tubular locidng 
5 collet 125. The annulus between the tubular support member 1 1 5 and the expandable tubular member 175 is 
fluidicly sealed by the cup seals, 170a and 1 70b. 

As illustrated in Figs, la-lh, the apparatus 100 is initially positioned within the wellbore 10 within the 
subterranean formation 15. The wellbore 10 may be vertical, horizontal, or any orientation in between. 
FurthOTnore, the wellbwe 1 0 may be a tunnel for receiving a pipeline or a borehole for receiving a structural 

10 support. In addition, the wellbore 10 may mclude a preexisting wellbore casing. 

As illustrated in Fig. 2, a hardenable fluidic sealing material 200 may then be injected into the 
apparatus 100 through the passages 105a, 1 10a, 155a, 150a, 140a, and 135a out of the float valve 135c into the 
annulus between the expandable tubular member 175 and the interior surface of the wellbore 10. In this 
manner, an annular layer of a sealing material may be formed aix>und the expandable tubular member 1 75. In 

1 5 several alternative embodiments, the annular layer of the fluidic sealing material may be cured before or after 
radially expanding the expandable tubular member 175. 

As illustrated in Fig. 3, a fluidic material 205 may be mjected into the apparatus 100 through the 
passages 105a, 1 10a, 155a, 150a, 140a, and 135a. A conventional dart 210 may then be seated within the 
tubular dart seat 140 by introducing the dart into the injected fluidic material 205. Continued injection of the 

20 fluidic material 205 may then pressurize the passages 105a, 1 10a, and 155a thereby mcreasmg the operating 
pressure in the passages and applying an axial downward force to the dart 210. As a result, the shear pins 145a 
and 145b may be sheared and the tubular dart seat 140 and the dart 210 may shift downward towards the float 
valve 1 35c. As a result, the locking member 150b of the tubular locking sleeve 150 may no longer be locked 
into the recess 135b of the shoe 135 by the tubular dart seat 140. 

25 As illustrated in Fig. 4, continued injection of the fluidic material 205 may pressurize the passages 

105a, 1 10a, and 155a thereby pressurizing and expanding the annular pressure chambers, 160a, 160c. and 160e. 
As a result, the tubular tension sleeve 155 may be displaced in the upward axial dhection thereby driving the 
tubular mtemal expansion cone 165 into contact with die lower mclmed trapezoidal feces 120cac, I20cbc, 
120ccc, 120cdc, 120cec, and 120cfc of the expansion cone segments 120ca, 120cb, 120cc, 120cd, 120ce. and 

30 120cf. respectively, of the tubular support member 120. As a result, the e;q)ansion cone segments 120ca, I20cb, 
120cc, 120cd, 120ce, and I20cf of the tubular support member 120 are driven outwardly in die radial dhection 
and die expandable tubular member 175 is thereby radially expanded and plastically deformed. In diis manner, 
a segmented expansion cone for plastically deforming and radially expanding die e>q>andable tubular memb^ 
175 may be formed within the wellbore 10 that includes the radially expanded expansion cone segments 

35 expansion cone segments 120ca, 120cb, 120cc, 120cd, 120ce, and 120cf of die tubular support member 120. 

As illustrated in Fig. 5, continued injection of the fluidic material 205 may further pressurize die 
passages 105a, 1 10a, and 155a, diereby further pressurizing and expanding the annular pressure chambers. 160a, 
160c, and 160c. As a resuh, the tubular tension sleeve 155 may be further displaced in die upward axial 
direction tfiereby causing die internal flange 1 55f of die tubular tension sleeve to engage die external flange 

40 150d of die tubular locking sleeve 150. As a result, die tubular locking sleeve 150 may be upwardly displaced 
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in tiie axial direction thereby releasing the conical locking flange 1 50c of the tubular locking sleeve from 
engagement with the locking collet members 1 25b of the tubular locking collet 125. As a result, the locking 
collet members 125b of the tubular locking collet 125 may be disengaged from the recessed portion 130b of ttie 
tubular retaining member 130. AttfaispomtUietubular locking collet 125 and the tubular lockmg sleeve 150 
5 are no longer engaged with the tubular retaining member 130 and the shoe 135. 

As illustrated in Fig. 6, continued iryection of the fluidic material 205 may further pressurize the 
passages 105a, 1 10a, and 155a. As a result, the tubular support members 105, 1 10, 1 15, and 120, the mbular i V: 

locking collet 125, the tubular locking sleeve 1 50, and the tubular tension sleeve 155 may be displaced upwardly 
in the axial dhectioh thmby further plastically deforming and radially expanding the expandable tubular 
10 member 175. 

As illustrated in Fig. 7, continued injection of the fluidic material 205 may further pressurize the 
passages 105a, 1 10a, and 155a. As a result, the tubular support members 105, 1 10, 115, and 120, the tubular 

locking collet 125, the tubular locking sleeve 150, and the tubular tension sleeve 155 may be further displaced g 
upwardly in the axial direction thereby further plastically deforming and radially expanding the expandable [}S 
1 5 tubular member 175. Furthermm, during the continued injection of the fluidic material 205, an annular region 
215 between the tubular support member 120 and the expandable tubular member 175 below the sealing cups, 
170a and 170b, may be pressurized thereby facilitating the upward axial displacement of the tubular support 

members 105, 1 10, 1 15, and 120, the tubular locking collet 125, the tubular locking sleeve 150, and the tubular | 
tension sleeve 155. | 

20 In several alternative embodiments, the design and operation of the apparatus 100 is further provided 

substantidly as disclosed in one or more of the following: (1) U.S. patent application serial no. 09/454,139, 
attcwney docket no. 25791 .03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney 
docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 

25 25791.9.02,filedon ll/15/1999,(5)U.S.patentapplicationserialno.09/523.460,attomeydocketno. 
25791. 1 1.02, filed on 3/10/2000, (6) U.S. patent s|)plication serial no. 09/512,895, attorney dodcet no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/5 1 1,941, attorney docket no. 
25791.16,02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17,02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. 

30 25791 .23.02, filed on 4/26/2000, (10) PCX patent application serial no. PCT/USOO/1 8635, attorney docket no. 
25791 .25.02^ filed on 7/9/2000, (1 1) U.S. provisicmal patent application serial no. 60/162,671, attorney docket 
no. 25791 .27, filed on 1 1/1/1999, (12) U.S. provisional patent ^plication serial no. 60/1 54,047, attorney docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney dodc^ 

no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 1 
35 docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, Jff 

attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

60/212,359, attorney docket no. 25791 J8, filed on 6/19/2000, (17) U.S. provisional patent application saial no. 

60/165,228, attorney docket no. 2579139, filed on 1 1/12/1999, (18) U.S. provisional patent ^plication serial 

no. 60/22 1 ,443, attorney docket no. 2579 1 .45, filed on 7/28/2000, (19) U.S. provisional patent application serial 
40 no. 60/221,645, attorney docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
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no. 60/233,638, attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S. provisional patent application serial 
no. 60/237.334, attorney docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial 
no. 60/270,007, attorney docket no. 25791 .50, filed on 2/20/200 1 ; (23) U.S. provisional patent application serial 
no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001; (24) U.S, provisional patent application serial 
5 no. 60/259,486, attorney docket no. 25791.52, filed on 1/3/2001; and (25) U.S. provisional patent application 
serial no. 60/303,740, attorney docket no. 25791.61, filed on 7/6/2001, tbe disclosures of which are incorporated 
herein by reference. 

In several alternative embodiments, the apparatus 100 may be operated for form or repair a welibore 
casing, a pipeline, or a structural support. 

10 An apparatus for forming a welibore casing within a welibore within a subterranean formation has been 

described that includes a tubular support member, an adjustable tubular expansion cone coupled to the tubular 
support member, an actuator coupled to the tubular support member for adjusting the size of the adjustable 
tubular e}q>ansion cone, a shoe releasably coupled to the adjustable tubular expansion cone, an expandable 
tubular member coupled to the shoe defining a longitudinal passage for receiving the tubular support member, 

15 the adjustable tubular expansion cone, and the actuator, and one or more sealing members for sealing the 
inter&ce between the tubular support member and the expandable tubular member. In an exemplary 
embodiment, the adjustable tubular expansion cone includes a tubular body defining a plurality of longitudinal 
slots and comprising a plurality of internal arcuate expansion cone segments interleaved among the longimdinal 
slots. In an exemplary embodiment, the actuator includes a first tubular member coupled to the tubular support 

20 member defining a plurality of first radial passage and including a plurality of mtemal fianges interieaved 

among the first radial passages, a second tubular member received within the first tubular member defining a 
plurality of second radial passages interleaved among the first radial passages and comprising a plurality of 
external flanges interleaved among the first and second radial passages and ttie internal flanges, and a tubular 



expansion cone coupled to the second tubular member for radially expanding the adjustable tubular expansion 



A method of formmg a welibore casing within a welibore within a subterranean formation has also 
been described that includes positionmg an expandable mbular member and an adjustable tubular expansion 
cone within the welibore, increasing the size of the adjustable tubular expansion cone within the expandable 
tubular member, and plastically deforming and radially expanding the expandable tubular member using die 
30 adjustable tubular expansion cone. In an exemplary embodiment, the increasing the size of the adjustable 
tubular esqsansion cone within fiie e^qpandabie tubular member includes positionmg a tubular segmented 
expansion cone within the esqpandable tubular member, positioning a tubular expansion cone within the 
e;q>andable tubular member, and displacing the tubular expansion cone relative to the tubular segmented 
expansion cone. 

35 An apparatus for forming a welibore casing within a welibore within a subten^ean formation has also 

been described that includes means for positioning an expandable mbular member and an adjustable mbular 
e3q)ansion cone witiiin the welibore, means for increasing the size of the adjustable tubular expansion cone 
within the expandable tubular member, and means for plastically deformmg and radially e}q)anding the 
expandable tubular member using the adjustable tubular expansion cone. In an exemplary embodiment, the 

40 means for increasing the size of the adjustable mbular expansion cone within the expandable tubular member 



25 



cone. 
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includes means for positioning a tubular segmented expansion cone within the expandable tubular member, 
means for positioning a tubular expansion cone within the expandable tubular member, and means for 
displacing the tubular expansion cone relative to the tubular segmented expansion cone. 

An adjustable expansion cone for plastically deforming and radially expanding a tubular member has 

5 also been described that includes an adjustable tubular expansion cone, and an actuator for adjusting the tubular 
adjustable expansion cone. In an exemplary embodiment, the adjustable tubular expansion cone includes a 
tubular body defining a plurality of longitudinal slots and con^rising a plurality of internal arcuate conical 
expansion cone segments interleaved among the longitudinal slots. In an exemplary embodiment, the actuator 
includes a first tubular member coupled to the adjustable tubular e7q)ansion cone defining a plurality of first 

1 0 radial passage and comprising a plurality of internal flanges interleaved among the first radial passages, a 

second tubular member received within the first tubular member defining a plurality of second radial passages 
interleaved among the fu-st radial passages and comprising a plurality of external flanges interleaved among the 
first and second radial passages and the internal flanges, and a tubular expansion cone coupled to the second 
tubular member for radially expanding the tubular adjustable expansion cone. 

15 A method of plastically defonmng and radially expanding a tubular member has also been described 

Aat includes positioning an adjustable tubular expansion cone within the tubular member, and increasing the 
size of the adjustable tubular expansion cone within the expandable tubular member. In an exemplary 
embodiment, increasing the size of the adjustable tubular expansion cone within the tubular member includes 
positioning a tubular segmented expansion cone within the tubular member, positioning a tubular expansion 

20 cone within the tubular member, and displacing the tubular expansion cone relative to the tubular segmented 
expansion cone. 

An apparatus for plastically deforming and radially expanding a tubular member has also been 
described that includes means for positioning an adjustable tubular expansion cone within the tubular member, 
and means for increasing the size of the adjustable tubular expansion cone within the expandable tubular 
25 member. In an exemplary embodiment, the means for increasing the size of the adjustable tubular expansion 
cone withm the tubular member mcludes means for positioning a tubular segmented expansion cone within the 
tubular member, means for positioning a tubular expansion cone within the mbular member, and means for 
displacing the tubular expansion cone relative to the tubular segmented expansion cone. 

A tubular member has also been described that includes a tubular body defining a plurality of 
30 longitudinal slots, and a plurality of arcuate internal flanges. Each flange includes an arcuate cylindrical 
segment end &ce, trapezoidal side fiices, an upper inctined trapezoidal side fece, and a lower inclined 
trapezoidal side face. 

It is understood that variations may be made in the foregoing without departing from the scope of the 
invention. For example, a conventional packer assembly may be substituted for the shoe 135. 
35 Although illustrative embodiments of the invention have been shown and described, a wide range of 

modification, changes and substitution is contemplated in the foregoing disclosure. In some instances, some 
features of the present invention may be employed without a corresponding use of the other features. 
Accordingly, it is q>propriate that the q>pended clauns be construed broadly and in a manner consistent with the 
scope of the invention. 
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Claims 

What is claimed is: 



1 1 . An q>paratiis for fomiing a wellbore casing within a wellbore within a subterranean formation, 

2 comprising: 

3^ a tubular si^port member; 

4 an adjustable tubular expansion cone coupled to the tubular support member; 

5 an actuator coupled to the tubular support member for adjusting die size of the adjustable tubular 

6 expansion cone; 

7 a shoe releasably coupled to ihc adjustable tubular expansion cone; 

8 an expandable tubular member coupled to ttie shoe defining a longitudinal passage for receiving the 

9 tubular support member, the adjustable tubular expansion cone, and the actuator, and 

1 0 one or more sealing members for sealing the interface between the tubular support member and the 

1 1 expandable tubular member. 

1 2. The apparatus of claim 1 , wherein the adjustable tubular expansion cone comprises: 

2 a tubular body defining a plurality of longitudinal slots and comprising a plurality of internal arcuate 

3 expansion cone segments interleaved among the longitudinal slots. 

1 3. The apparatus of claun 1 , wherein the actuator conq)rises: 

2 a first tubular member coupled to the tubular support member defining a plurality of fu^t radial passage 

3 and comprising a plurality of internal flanges interleaved among the first radial passages; 

4 a second tubular member received within the first tubular member defining a plurality of second radial 

5 passages interleaved among the first radial passages and comprising a plurality of external f 

6 langes interleaved among the first and second radial passages, and the mtemal flanges; and 

7 a tubular expansion cone coupled to the second tubular member for radially e3q)anding the adjustable 

8 tubular expansion cone. 

.14. A method of forming a wellbore casing within a wellbore within a subtetranean formation, comprising: 

2 positioning an expandable tubular member and an adjustable tubular expansion cone within the 

3 wellbore; 

4 increasmg the size of the adjustable tubular expansion cone within the expandable tubular member, and 

5 plasdcally deforming and radially expanding the expandable tubular member usmg tiie adjustable 

6 tubular expansion cone. 

1 5. The method of claim 4, wherein increasmg the size of the adjustable mbular expansion cone within the 

2 expandable tubular member comprises: 

3 positioning a tubular segmented expansion cone within the expandable tubular member; 
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4 positioning a tubular expansion cone within fte expandable tubular member; and 

5 displacing the tubular expansion cone relative to the tubular segmented expansion cone. 

1 6. An q)paratus for forming a wellbore casing wi&in a wellbore within a subterranean formation, 

2 comprising: 

3 means for positioning an expandable tubular member and an adjustable tubular expansion cone within 

4 tiie wellbore; 

5 means for increasing tfie size of the adjustable tubular expansion cone within the expandable tubular 

6 member; and 

means for plastically deforming and radially expanding the e3q)andablc tubular member using the 
adjustable tubular e}q)ansion cone. 

1 7. The apparatus of claim 6, wherein the means for increasing the size of the adjustable tubular expansion 

2 cone within the expandable tubular member comprises: 

3 means for positioning a tubular segmented expansi<m cone within the e3q)andable tubular member, 

4 means for positioning a tubular expansion cone within the expandable tubular membcn and 

5 means for displacing the tubular expansion cone relative to tiie tubular segmented expansion cone, 

1 8. An adjustable expansion cone for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 an adjustable tubular expansion cone; and 

4 an actuator for adjusting the tubular adjustable expansion cone. 

1 9. The adjustable expansion cone of claim 8, wherein tiie adjustable tubular expansion cone comprises: 

2 a tubular body defining a plurality of longitudinal slots and comprising a plurality of internal arcuate 

3 conical expansion cone segments interleaved among the longitudinal slots. 

1 10. Hie adjustable expansion cone of claim 8, wherein the actuator comprises: 

2 a first tubular member coupled to the adjustable tubular expansion cone defining a plurality of first 

3 radial passage and comprising a plurality of internal flanges interleaved among the first radial 

4 passages; 

5 a second tubular member received within the first tubular member defming a plurality of second radial 

6 passages interleaved among the first radial passages and comjMisuig a plurality of external 

7 flanges interleaved among the first and second radial passages and the internal flanges; and 

8 a tubular expansion cone coupled to the second tubular member for radially expanding the tubular 

9 adjustable expansion cone. 

1 U. A method of plastically deforming and radiaHy e5qianding a tubular member, comprising: 

2 positioning an adjustable tubular expansion cone within the tubular member; and 

3 increasing the size of the adjustable tubular expansion cone within the expandable tubular member. 
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1 12. The method of claim 1 1 , wherein increasing the size of the adjustable tubular expansion cone within 

2 tiie tubular member comprises: 

3 positioning a tubular segmented expansion cone witliin the tubular member; 

4 positioning a tubular expansion cone within ftit tubular member; and 

5 displacing the tubular expansion cone relative to the tubular segmented expansion cone. 

1 13. An apparatus for plastically deforming and radially expanding a tubular member, comprising: 

2 means for positioning an adjustable tubulair expansion cone within the tubular membei^ and 

3 means for increasing the size of the adjustable tubular expansion cone within the expandable tubular 

4 member. 

1 14. The apparatus of claim 1 3, wherein the means for increasing the size of the adjustable tubular 

2 expansion cone within the tubular member comprises: 

3 means for positioning a tubular segmented expansion cone within the tubular member; 

4 means for positioning a tubular expansion cone within the tubular member; and 

5 means for displacing the tubular expansion cone relative to the tubular segmented expansion cone. 

1 15. A tubular member, comprising: 

2 a tubular body defming a plurality of longitudinal slots; and 

3 a plurality of arcuate internal flanges, each flange comprising: 

4 an arcuate cylindrical segment end face; 

5 trapezoidal side faces; 

6 an upper inclined trapezoidal.side face; and 

7 a lower inclined trapezoidal side face. 

1 16. An apparatus for forming a wellbore casuig within a wellbore within a subterranean formation, 

2 comprising: 

3 a tubular support member; 

4 an adjustable tubular expansion cone coupled to the tubular support member, comprising: 

5 a tubular body defining a plurality of longitudinal slots and comprising a plurality of internal 

6 arcuate expansion cone segments interleaved among the longitudinal slots; 

7 an actuator coupled to tiie tubular sui^rt member for adjusting the size of the adjustable tubular 

8 expansion cone, comprising: 

9 a first tubular member coupled to the tubular support member defming a plurality of first 

] 0 radial passage and comprising a plurality of internal flanges interleaved among the 

1 1 first radial passages; 

12 a second tubular member received within the first tubular member defining a plurality of 

1 3 second radial passages interleaved among the first radial passages and comprising a 
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1 4 plurality of external flanges interleaved among the first and second iadial passages 

1 5 and the internal flanges; and 

16 a tubular expansion cone coupled to the second tubular member for radially expanding the 

1 7 adjustable tubular expansion cone; 

18 a shoe releasably coupled to the adjustable tubular expansion cone; 

19 an expandable tubular member coupled to the shoe defining a longitudinal passage for 

20 receiving the tubular support member, the adjustable tubular expansion cone, and the 

21 actuator; and 

22 one or more sealing members for sealmg the inter&ce between the tubular support member 

23 and the expandable tubular member. 

1 17. A method of forming a wellbore casing witliin a wellbore within a subterranean formation, comprising: 

2 positioning an expandable tubular member and an adjustable tubular expansion cone witiiin the 

3 wellbore; 

4 increasing the size of the adjustable tubular expansion cone within the expandable tubular member, 

5 comprising: 

6 positioning a tubular segmented expansion cone within the expandable tubular member; 

7 positioning a tubular expansion cone within the expandable tubular member; and 

8 displacing the tubular expansion cone relative to the tubular segmented expansion cone; and 

9 plastically deforming and radially expanding the expandable tubular member using the adjustable tubular 
10 expansion cone. 

1 18. An apparatus for forming a wellbore casing within a wellbore within a subterranean formation, 

2 comprising: 

3 means for positioning an expandable tubular member and an adjustable tubular expansion cone within 

4 tiie wellbore; 

5 means for increasing the size of the adjustable tubular e3q>ansion cone within the expandable tubular 

6 member, comprising: 

7 means for positioning a mbular segmented expansion cone within the expandable tubular 

8 member, 

9 means for positioning a tubular expansion cone within the expandable tubular member, and 

1 0 means for displacing the tubular expansion cone relative to the tubular segmented expansion 

1 1 cone; and 

1 2 means for plastically deforming and radially expanding the expandable tubular member using the 

1 3 adjustable tubular expansion cone. 

1 19. An adjustable expansion cone for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 an adjustable tubular expansion cone, comprising: 

4 a tubular body defining a plurality of longitudinal slots and comprising a plurality of internal 
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5 arcuate conical expansion cone segments interleaved among the longitudinal slots; 

6 and 

7 an actuator for adjusting the tubular adjustable expansion cone, comprising: 

8 a first tubular member coupled to the adjustable tubular expansion cone defining a plurality of first 

9 radial passage and comprising a plurality of internal flanges interleaved among the first radial 

10 passages; 

11 a second tubular member received within the first tubular member defining a plurality of second radial 

12 passages interleaved among the first radial passages and comprising a plurality of external 

1 3 flanges interleaved among the first and second radial passages and the internal flanges; and 

14 a tubular expansion cone coi^>led to the second tubular member for radially expanding the tubular 

1 5 adjustable expansion cone. 

1 20. A method of plastically defonning and radially expanding a tubular member, comprising: 

2 positioning an adjustable tubular e3q[>ansion cone within the tubular member; and 

3 increasing the size of the adjustable tubular expansion cone within the expandable tubular member, 

4 comprising: 

5 positioning a tubular segmented expansion cone within the tubular member; 

6 positioning a tubular expansion cone within the tubular member; and 

7 displacing the tubular expansion cone relative to the tubular segmented expansion cone. 

1 21. An apparatus for plastically deforming and radially expanding a tubular member, comprising: 

2 means for positioning an adjustable tubular esqpansion cone within the tubular member; and 

3 means for increasing the size of the adjustable tubular expansion cone vfiMn the expandable tubular 

4 member, comprising: 

5 means for positioning a tubular segmented expansion cone within the tubular member; 

6 means for positioning a tubular e^qpansion cone within the tubular member, and 

7 means fcH- displacing the tubular expansion cone relative to the tubular segmented expansion 

8 cone. 
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